We have recently reported a new family of nuclear autoantibodies in a subset of patients with primary biliary cirrhosis. These antibodies bind to a nuclear envelope polypeptide(s) of 200 kD, the exact identity of which was not established. In this study, we show that all of these autoantibodies are directed against a 210-kD integral membrane glycoprotein of the nuclear pore. (J. Clin. Invest. 1990. 86:279-285.)
Introduction
The nuclear envelope separates cytoplasm from the nuclear compartment in eukaryotic cells (for reviews see references 1 and 2). It is composed ofa double membrane, pore complexes, and the nuclear lamina. Nuclear pore complexes are large supramolecular structures with a diameter of -120 nm and an estimated mass of -124 X 106 D (3) . They form transcisternal channels across the nuclear envelope in regions where the double membrane fuses and the nuclear lamina is interrupted. Pore complexes appear to mediate both active and passive transport of proteins and nucleic acids into and out of the nucleus (for a review see reference 4). To date only a few pore complex proteins have been identified. Among the best characterized are two distinct glycoproteins with molecular masses of 62 and 210 kD (5) (6) (7) (8) . The latter, termed gp210, is an integral membrane protein that possesses high mannose-type oligosaccharides. Gp210 is believed to be involved in the formation of nuclear pores and the anchorage of pore complex constituents to the nuclear membrane (7, 8) .
Antinuclear antibodies are useful diagnostic markers for autoimmune diseases and probes for cell biology. Recently it was shown that a subset ofpatients with primary biliary cirrhosis (PBC)' have autoantibodies to a nuclear envelope polypeptide(s) of -200 kD (9) (10) (11) . However, its identity could not be clearly defined on the basis of these data. In this report, we present data demonstrating that the target antigen of these antibodies is gp2 10.
Methods
Patients. The clinical characteristics of the patients of this study have been already presented (10). Briefly, they all suffered from chronic liver disease with cholestasis. PBC diagnosis was ascertained on the following basis: (a) presence of antimitochondrial antibodies of the M2 subtype (8/9); (b) increased IgM serum level (9/9); (c) histology on liver biopsy (7/7) . No other autoantibodies were detected, notably anti-DNA, anti-ENA (extractable nuclear antigen), antilamins, and antismooth muscle, with the exception of one patient with CREST syndrome who had anticentromere antibodies. Another patient had a sicca syndrome. The control patients were 24 patients admitted in the same period for PBC but who did not have the anti-200-kD antibodies. When compared to these patients, the only distinctive feature of patients who have the anti-200-kD antibodies was a low titre of antimitochondrial antibodies (1/50 vs. 1/500; P < 0.05). In each immunoblotting or immunoprecipitation experiment using patient's sera, a control was performed using a pool of sera from healthy subjects.
Isolation and fractionation of nuclear envelopes. Rat liver nuclei were isolated from 150 to 200 g Sprague-Dawley rats according to Blobel and Potter (12) . All solutions contained 1 mM PMSF and 10 mM N-ethylmaleimide (NEM) according to Kaufman et al. (13) . All subsequent steps were performed according to Gerace et al. (14) with slight modifications. Nuclear envelopes were obtained by digestion of nuclei with DNAse I and RNAse A followed by a 1 M NaCl extraction. Chemical extractions of rat liver nuclear envelopes were performed by resuspending pellets in the appropriate extraction solutions. These solutions contained: (a) 20 mM Tris-HCI (pH 7.4), 1 mM DTT, 1 mM PMSF, 10% (wt/vol) sucrose, 2% (wt/vol) Triton X-100, 0.3 M NaCl; (b) 0.1 N NaOH and 1 mM DTT; (c) 0.1 M sodium carbonate, pH 11.5, and 1 mM DTT. Triton X-100/0.3 M NaCI and sodium carbonate samples were incubated for 30 min before centrifugation, while NaOH samples were centrifuged immediately after resuspension. Centrifugation was performed at 200,000 g for 30 min. Nuclear envelopes were directly solubilized in SDS sample buffer while pellets were washed in 90% ethanol, then resuspended in SDS sample buffer. Supernatants were precipitated with 10% TCA, the precipitate was washed in 90% ethanol and then solubilized in SDS sample buffer. All SDS samples were kept at 70°C for 15 min in the presence of 5% (vol/vol) 2-mercaptoethanol.
SDS-hydroxyapatite chromatography. SDS-hydroxylapatite chromatography was performed according to Berrios et al. (15) , with the following modifications. Rat liver nuclear envelopes were washed with 0.5 M NaCl, and a pellet corresponding to -3 mg oftotal protein was solubilized in 2 ml of2% SDS (wt/vol), 100 mM NaPs, pH 6.8, and 100 mM DTT. The sample was heated at 60°C for 20 min, cooled to room temperature. and diluted 10-fold with 100 mM NaPi, pH 6.8. This material was loaded on a 3-ml Bio-Gel HTP column preequilibrated with 0.1% SDS (wt/vol), 100 mM NaP1, pH 6.8, and 1 mM DTT. The column was washed with three-column volumes of this buffer and eluted with a 20-ml linear gradient of 0.1 M to 0.75 M NaPi, pH 6.8, containing 0.1% SDS (wt/vol), 1 mM DTT. 300-,g fractions were collected. Fractions were diluted to 1 ml with water, precipitated with 10%o TCA (wt/vol), and prepared for SDS-PAGE analysis.
Isolation ofGp210. Gp210 was affinity purified using immobilized lentil lectin as previously described (8) .
Immunoblotting. SDS-solubilized proteins were subjected to electrophoresis on either 8% or 6% polyacrylamide gels according to Laemmli (16) . Polypeptides were electrophoretically transferred to nitrocellulose as previously described (8, 10) . Immobilized proteins were incubated for 6 h with patient's sera or a mixture of normal human sera or rabbit antibodies to gp210. The latter have previously been described (8) . Binding of antibodies was detected with either antihuman IgG coupled to alkaline phosphatase (Promega Biotec, Madison, WI) or with '251I-protein A (New England Nuclear, Boston, MA).
Alternatively blots were probed with either '4C-labeled Con A (Sigma Chemical Co. St Louis, MO) or with Con A coupled to horseradish peroxidase (HRP) (Vector Laboratories, Inc. Burlingame, CA).
Immunoprecipitation. HeLa cells grown in suspension were radioactively labelled for 16 h with 0.2 mCi/ml [35S]methionine in methionine-depleted S-MEM, Joklik-modified medium (Gibco Laboratories, Grand Island, NY). Cells were transferred to PHEM buffer (20 mM Pipes, 20 mM Hepes, pH 6.9, 10 mM EGTA, 5 mM MgCl2, 10 mM NEM, and I mM PMSF). An equal volume of PHEM buffer containing 1% Triton X-100 and protease inhibitors (2 ug/ml leupeptin, 2 Wg/ml pepstatin, 200 Ag/ml aprotinin, and 2 gg/ml antipain) was added, then after a 2-min incubation cells were centrifuged for 5 min at 2,000 g. The crude nuclear pellet was resuspended in DOC buffer (100 mM Tris-HCI, pH 8.3, 2 mM EDTA, 0.1% SDS, 0.5% NP-40, 0.5% Na-deoxycholate), dispersed by sonication, then adjusted to 5 mM iodoacetamide and antiproteases as above. After 15 min centrifugation at 10,000 g, aliquots ofthe supernatant containing 15 X 106 cpm were incubated overnight with a 1/50 dilution of patient's sera or control pooled human sera. Samples were then added to 30 Ml (packed bead volume) protein A-Sepharose 4B (Pharmacia Fine Chemicals, Piscataway, NJ) and incubated with agitation for 2 h at 4°C, then washed four times with DOC buffer and once with distilled water. Beads were then boiled for 3 min in SDS sample buffer, then the extracted proteins were separated by SDS-PAGE and finally revealed by fluorography (17) .
Indirect immunofluorescence. Buffalo rat liver cells (BRL 3A; ATCC CRL 1442) were grown on cover slips, washed with PBS, and then in PEM (80 mM K Pipes, 5 mM EGTA, 1 mM MgCl2, pH 6.9). After washing, cells were extracted for 1 min in PEM solution containing 0.5% Triton X-100 and fixed in methanol for 6 min at -20°C. Alternatively, cells were directly fixed in methanol. First antibodies were used at a 1:100 dilution. Binding was detected with affinity-purified goat F(ab')2 anti-(human IgG gamma chain) antibodies labeled with FITC (Tago Inc., Burlingame, CA) at the same dilution.
Results
On the basis of immunoblotting and immunoprecipitation experiments, we have previously shown that a subset of patients with PBC produced autoantibodies directed against a nuclear envelope polypeptide(s) of -200 kD (9, 10) . However this polypeptide was not clearly identified since SDS-PAGE of isolated rat liver nuclear envelopes revealed several polypeptides in the 200-kD range. From these polypeptides, three have been previously identified (7, 8, 15, 18, 19) .
To characterize the antigen recognized by these sera, we first fractionated rat liver nuclear envelopes into integral and peripheral membrane proteins by extracting membranes with alkaline solutions (0.1 N NaOH or 0.1 M Na2CO3, pH 1.5). After extraction, integral and peripheral membrane proteins were separated by centrifugation. As shown in Fig. 1 completely extracted with 0.1 M NaOH. Conversely, the majority of gp2lO was present in the membrane pellet as judged by Con A binding (Fig. 1, lanes 20 and 22) . Solubilization of membrane proteins, including gp210, is achieved by treating nuclear envelopes with 2% Triton X-100 in the presence of0.3 M NaCl (Fig. 1, lanes 17 and 18) . The lamins are largely resistant to this extraction procedure and remain in the'pellet fraction (Fig. 1, lane 4) . Western blotting of nuclear envelope subfractions produced by alkaline or Triton X-100/0.3 M NaCl extractions performed with a single autoimmune serum (designated ANA-22 1) reveal that the target antigen fractionates as a membrane protein suggesting it is gp2 10 (Fig. 1, lanes  10-15) .
To further characterize the antigen recognized by this serum, nuclear envelope polypeptides were separated by SDShydroxylapatite chromatography. The eluate of this column contained a major polypeptide of -200 kD with a peak in the vicinity of fraction 38 (Fig. 2, A) . This species was separated from several other polypeptides of a similar molecular mass. The position of this 200-kD polypeptide within the eluate was similar to that previously observed for rat gp2 10 and for its Drosophila homolog (15, 18) . Western blot analysis of This binding pattern was virtually superimposable on that produced by Con A (Fig. 2, B) and an anti-gp210 antiserum (Fig. 2, C) .
To complete this identification, gp210 was purified from rat liver nuclei as previously described (8) . This procedure allows for purification ofgp210 to near homogeneity as judged by SDS-PAGE (Fig. 3, lane 11 ; see also reference 7) and amino terminal sequence analysis (8) . Immunoblot analysis (Fig. 3 D,  lane 1) shows that ANA-221 reacts with gp210, further demonstrating that it is the target of this particular autoimmune serum.
The ANA-221 serum represents one of several autoimmune sera from patients with PBC that were previously shown to contain antibodies to a -200-kD polypeptide of the nuclear envelope (10). To establish that each autoimmune serum was directed against gp210, the nine sera were analyzed using several biochemical procedures.
We first immunoprecipitated total nuclear proteins from (35S]methionine-labeled HeLa cells. All sera immunoprecipitated a prominent polypeptide(s) of -200 kD (Fig. 3, A) . Several sera immunoprecipitated minor components which correspond to other specificities present in these sera. Most of them have a molecular mass of 50-70 kD similar to that of mitochondrial proteins ofthe M2 complex which are the main autoantibodies associated with primary biliary cirrhosis (20) (21) (22) . These components likely correspond to mitochondrial contaminants present in the nuclear fraction. Further analysis by Western blotting of total nuclear envelopes revealed a 200-kD polypeptide(s) as the immunoreactive component in this fraction (Fig. 3, B) . A higher molecular signal (-400 kD) was occasionally present and may correspond to a SDS-resistant aggregate ofthe -200-kD polypeptide(s). Similar high-molecular-mass components were observed by Lozano et al. (11) . In a further step of characterization, fraction number 38 of the SDS-hydroxylapatite eluate, which is highly enriched in gp2 10 (see Fig. 2 A) , was used for Western blot analysis. As shown in Fig. 3 (C) , all of the autoimmune sera tested reacted with the gp2 10 present in this fraction. This was confirmed by immunoblotting of purified gp210 (Fig. 3 D) , demonstrating that gp210 is the target of this group of nine autoimmune sera. When gp2 10 was first isolated, it was localized to the pore complex by immunological methods at the ultrastructural level (13) . However, in our previous attempts to localize the -200-kD nuclear antigen, a continuous labeling of the nuclear envelope was observed rather than a punctate staining pattern generally associated with pore complexes (10). To resolve this discrepancy, new immunofluorescent experiments were made using a different cell line and a different fixation procedure. Data in Fig. 4 obtained with ANA-22 1 show that, under these conditions, the punctated pattern of the nuclear staining was clearly visible, either in Triton-extracted cells (Fig. 4, c and d ) or in nonextracted cells (Fig. 4, a and b) . A similar staining pattern was obtained with the other sera (data not shown). When cells were not Triton extracted before fixation, the mitochondrial staining by autoantibodies to proteins of the M2 complex was preserved.
Discussion
Extensive research is currently devoted to the identification of the antigens which are the target ofantinuclear autoantibodies. Several antigens responsible for homogeneous, speckled, and nucleolar labeling of the nuclei, have been identified (23) . Because of their lower frequency, antinuclear antibodies giving a perinuclear labeling have been studied less. We have recently undertaken an analysis of this population of antibodies by collecting from unselected patients, 50 sera giving perinuclear labeling. The most frequent antigens (1 1/50) were lamins A, B, and C, prominent structural proteins of the nuclear envelope (24) . The second family of antigens was represented by 10 of these 50 sera recognizing a -200-kD polypeptide(s) of the nuclear envelope (10). Clinical and biological data were available for nine of the patients. Strikingly, all of these patients suffered from PBC, suggesting that this new specificity could be a marker of the disease. The present study was performed with these nine sera to clearly define the identity of this -
200-kD antigen(s).
We show here that all ofthese nine sera are directed against gp2 10, a major integral membrane protein of the nuclear pore (7, 8) . Initial characterization of the antigen recognized by these autoantibodies was performed by immunoprecipitation of HeLa cell nuclear proteins and immunoblotting of rat-liver nuclear envelope fractions enriched in gp210. Further identification was obtained by immunoblotting of purified gp210. Indirect immunofluorescence performed with these sera re- vealed a peripheral nuclear labeling in a distinct punctate pattern, confirming the nuclear pore localization.
Gp210 is an integral membrane glycoprotein found exclusively in the nuclear envelope. It has been immunolocalized to the junction between the outer and the inner nuclear membranes and represents a major constituent of the nuclear pore. Primary structural information derived from the cDNA-deduced amino acid sequence suggests that the majority of this protein lies within the cisternae of the nuclear envelope with a separate portion extending across the nuclear membrane and into the nuclear pore (8) . The relevance of gp210 in the biogenesis and the function of the nuclear pore complex remains unknown. The concentration of this integral membrane protein at the pore (16-24 copies per pore) would suggest an important role for gp210 in the structural organization of the pore complex as well as its cell cycle-dependent assembly and disassembly.
PBC is a chronic liver disease ofunknown etiology, characterized by progressive inflammatory destruction of the intrahepatic bile ducts (25) . Diagnosis usually requires biological and pathological criteria (25) (26) (27) . Among these criteria, the presence of antimitochondrial (M2) antibodies is highly suggestive of PBC (28). Major antigens corresponding to the M2 specificity have already been identified as core enzymes of mitochondrial multienzyme complexes (21, 22) . These antibodies are present in high titer and with a high frequency (90-95%). However they are not specific as evident by their presence in a broad spectrum of autoimmune diseases (29) (30) (31) .
Other nuclear specificities were previously found in PBC (32) (33) (34) (35) (36) (37) (38) . Antibodies to histones are also present with a high frequency in PBC (74%), but are also found in association with other autoimmune diseases (23, 38) . Concurrently with the characterization of the -200-kD antigen as gp210, we performed an extensive study of 150 patients with PBC (39) . We showed that, in contrast to other autoantibodies in PBC, antibodies to gp2 10 are not prevalent in PBC (27%), but are highly specific since they were not found in association with other autoimmune disease. We also showed that there are a few significant differences in the clinical, immunological, biological, and histological features of the patients with and without antibodies to this protein. However, the group of patients with antibodies to gp2 10 showed a statistically significantly lower titer of antimitochondrial antibodies. A recent report described a new autoantibody from a patient with polymyositis recognizing two proteins of the pore complex, one of which is 200 kD (40). However the relationship to the antigen described in this paper remains to be determined.
The role of autoantigens in the etiology and pathogenesis of various autoimmune diseases has not yet been clarified. Epitope(s) recognized by immunoglobulins in a few autoimmune diseases have recently been identified (41, 42) . Recombinant DNA technology combined with the T cell cloning approach has allowed the identification of immunogenic epitopes in myasthenia gravis (43) . As the cloning of the gp2 10 has been recently completed (8) , this approach will now be possible for this protein.
